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1.1.
(hydrogel) 3
(network) 3
(amino group), (carboyl group), (hydroxyl

group)
[Banthia and Majumdar, 2009]

(tissue)
[Hoffman, 2002]
3
(permanent hydrogel) (chemical hydrogel)
: (physical hydrogel)
(monomer) \

(swelling ratio)



[ Kopecek and Yang, 2007 ].

[Khang et al, 2006]
3 (mesh)

(crosslinking density),

1955 Wichterle
Lim . 20

1.2.

(cerebral aneurysm) 1995

FDA 1996



(endovascular embolization)

(surgical clipping)

. 1937

(catheter)

2002 Lancet
International  Subarachnoid Aneurysm

Trial (ISAT)

[Byun, Neurointervention, 2009]

1.3



) , (embosphere), PVA, ,

3
Table 1- 1
(detachable balloon)
[Serbinenko, 1974; Higashida et al., 1989]

Guido Guglielmi

1991 Guglielmi Detachable Coil (GDC)
. GDC -

(hydrogel - coated coil), (matrix coil)

Polyglycolic - Polyactic acid (PGLA)
70 %



GDC
[Chiriac & Poeata, 2010]



Table 1 - 1. Conventional embolic materials and their problems

Agents Material s Problems
Absolute ethanol Occurs tissue damage
Liquid Cyanoacrylate Considerable skill required
agents N- butyl - 2- Highly dangerous due to fast
cyanoacrylate polymerization
_ : Reopening of occluded aneurysm
Particulate Polyvinyl alcohol Lack of radiopacity
agents : : : . .
Tris - acryl gelatin Cause intraluminal thrombosis
. Detachable balloon Only for cerebrovascular
Mechanical treatment
devices Relatively low packing density

Metal coil

and thrombus formation




1.4

X- ray

barium iodine

X (intensity) Hounsfield unit (HU)
HU
- 1000, 1000
(relative linear attenuation coefficient) HU

[ Kim, Shin, Lee, 2012] .
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(wafer)



(phtoresist)



UV irradiation

Photomask l

Figure 1 - 1. Schematic diagram of p hotolithography technique



Hydrocoil ,

Hydrocoil

(vortex )
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iodine

. Ta
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)

Figure 1 - 2. Schematic diagram of hydrogel coil $ bending
behavior



acrylic acid (Aldrich , 99 %)
poly(ethyleneglycol dimethacrylate) (PEGDM, Aldrich, Mn 750)
uv
irgacure 651 (Ciba, 2,2 - dimethoxy - 1,2- diphenyl ethanone)

tantalum (Hongwu
Nanometer, APS 200 nm, purity 99+%) Triiodo benzoylox oethyl
methacrylcate (TIBOM) . TIBOM 2,3,5 - triiodobenzoic

acid (TIBA, Aldrich, 98 %) 2- hydroxyethyl methacrylate (HEMA,
Aldrich, 97 %) 4-

dimethylaminopyridine (DMAP, TCI) , N,NS

dicyclohexylcarbodiimide  (DCC, Aldrich, 99 %)
poly(vinylpyrrolidone) (Aldrich, Mw 10000) ethanol ( 99.5+%)
10 wt %

2.1.

13



iodine
vinyl triiodobenzoylox oethyl methacrylate
(TIBOM)
2,3,5 - trilodobenzoic acid (TIBA) 3.02 g 100 ml
dichloromethane (Aldrich, 99.8 %)
4- dimethylaminopyridine (DMAP) 0.097 g

N, NS dicyclohexylcarbodiimide (DCC) 1.378 g

0 °C hydroxyethyl methacrylate (HEMA) 0.8¢g

dicyclohexyl urea
, 1 N HClI (Samchun , 35- 37 %) , 1IN sodium
bicarbonat e (Daejung, EP) 3

sodium sulfate (Junsei, EP)

(Evaporator)
TIBOM
[ Lakshmi & Jayakrishnan etal, 2002] .
2.2.

PAA : (inhibitor)

PAA PEGDM 1:1, 30:1,
50:1, 70:1 : (photoinitiator)
irgacure 651 5 wt% 30

14



sonication

ray B - 100AP)

100 am,

uv (UVP, black -
6 cm

30:1, 50:1, 70:1 PAA

PEGDM 300 ¢l casting 2 40
uv acetone
(99.5+%) acetone
50 °C 10
Ta- PAA
TIBOM - PAA . Ta- PAA Ta
1g  Ethanol (99.5+%) 1 ml 1:1 PAA :PEGDM 300 al
2 sonication . TIBOM - PAA TIBOM 0.45 ¢
chloroform (99.5+%) 1 ml 1:1 PAA:PEGDM 300 al
TIBOM sonication
1:1 PAA:PEGDM
casting PAA
uv uv 20cm
, Ta- PAA 3 30 , TIBOM - PAA 6
acetone
acetone
24 h , 50 °C 24 h
Table 2 - 1.

15



2.3.

coating method)

ethanol

2.1
PVP

PVP

ethanol

16

3.7
50 °C

(dip -



DMAP\ ~ bCC HEMA ﬁ
; : : i filtrate

Water, HCI,
w7 NaCO; solution

filtrate
recrystallzatlon

Figure 2- 1. TIBOM synthesizing process
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| i~ | T
o /N DCC O~
I oH + HO F _ T C ﬂ
© / \'“| DMAP [
HEMA TIBA TIBOM
N=C=N HyC.. CHs
~ - )
N
DCC DMAP

Figure 2- 2. Synthetic scheme of HEMA, TIBA, and synthesized
TIBOM
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Figure 2- 3. Synthetic scheme of a) Ta

TIBOM - PAA hydrogel
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30:1~70:1
pre- gel 30:1~70:1

Photomask  mixture  Hydrogel coil ‘ll
7 7
tft

UV irradiation

1:1 pre - gel solution
+ radio opaque material

Figure 2- 4. Fabrication of h ydrogel colil bilayer
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Table 2 - 1. Naming of fabricated hydrogel coil bilayer

Upper layer Down layer Naming
30:1 1:1 Ta- PAA 30:1
+

Tr? drsA;‘ 50:1 + Ta- PAA50:1

ydrog 701 Tantalum Ta- PAA 701
30:1 1:1 TIBOM - PAA 30:1
T'iog/(')r' eF;AA 50:1 + TIBOM - PAA 50:1
ydorg 70:1 TIBOM TIBOM - PAA 70:1

21




Figure 2- 5. Synthesized a) Ta- PAAcoil, b) Ta- PAA bundle, c¢)

bending behavior of Ta - PAA coil in wet state
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Bundle

Figure 2- 6. Synthesized a) TIBOM - PAA coil, b) TIBOM - PAA
bundle, ¢) bending behavior of TIBOM - PAA coil in wet state
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3.1.

2.1 iodine , TIBOM
(Nuclear Resonance Spectrometer
NMR) . Bruker Avance - 500
500 MHz . TIBOM
dimethyl sulfoxide (DMSO)

3.2.

(Fourier transform infrared spectrum, FT - IR)
2.1 TIBOM . Bruker
TENSOR27 , ,

wavenumber 500 ~3500cm 1!

3.3.

Ta- PAA  TIBOM - PAA

Ta TIBOM

(Thermal gravimetric  analysis, TGA)

24



TA instruments Q- 5000 IR . 2.2

acetone 50 °C 24
. 16 mg 60
ml min " * 25 °C 800 °C 10 °C min~*
3.4. X
TIBOM - PAA iodine
X (X- ray Fluorescence Spectrometer , XRF)
TIBOM - PAA
Acetone 24h 50 °C 24
Triiodobenzoic acid (Aldrich, TIBA)
. Shimadzu XRF- 1700
iodine
3.5.

(swelling ra tio)

Ta
1:1 PAA TIBOM 1:1 PAA
1:1, 30:1, 50:1, 70:1 PAA:PEGDM
acetone 24 h 50 °C
24 h .7 7 03 mm’

37 °C

25



20

p
g="2
W,
Wa ) Wd
3.6.
(Dynamic mechanical thermal analyzer , DMA)
Mettler Toledo DMA/SDTA861e 37 °C
(storage modulus)
1N, (displacement) 3 am
Ta- PAA 30:1, 50:1, 70:1 TIBOM -
PAA 30:1, 50:1, 70:1 acetone 24
h 50 °C 24 h 4 cm,
0.5cm
3.7.
2.2

26



30:1 1:1, 50:1 1:1, 70:1 1:1 PAA:PEGDM

Ta- PAA 3 , TIBOM -
PAA 3 6 37 °C
digital microscope (AM413ZT Dino - Lite Pro Polarizer, AnMo
Electronics Corp.) 55
3.8.
2.2 Ta- PAA, TIBOM - PAA ,
(field emission
scanning electron microscope, FE - SEM) , JEOL
JSM- 6701F . 2.2 100 Ta-

PAA, TIBOM - PAA

3.9.

X 2.2 2.3
Ta- PAA  TIBOM - PAA

(CT) : GE healthcare
Discovery CT750 HD : 1.4
HU . HU
[
(5 pmtm T{t—

27



€x X € water X- ray

0, - 1000, 1000 HU
3.10.
2.2 2.3 Ta- PAA, TIBOM - PAA
Figure 2- 7.
glass aneurysm in- vitro : 8 mm,
5mm 2/3 glass aneurysm
(pulsatile pump)
80 (Figure 2- 8.). Micro Vention
Boston Scientific (micro catheter)
(microguide wire) aneurysm
. Ta- PAA TIBOM - PAA 30:1 1 ,501
1 ,701 2

28



Figure 2 - 7. Image of glass aneurysm model

29



()

a Glass aneurysm
4 I
—Pulsatile
pump
— Water —+—~
] reservoir

Figure 2 - 8. Experimental set - up to mock delivery intoa  glass

aneurysm
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1. Ta- PAA hydrogel TIBOM - PAA
1.1.
PAA . 100 °C
200
°C H,O
(dehydration) PAA 10 %
350
(decarboxylation) CO, ketone
. 350 °C
[ Maurer, Ratcliffe et al 198 7; Mcneill, Sadeghi, 1990]
Figure 3-1 TGA Ta- PAA
Ta
PAA Ta
600 °C
76 %
Ta . TIBOM - PAA
380 °C
TIBOM [Galperin &
Margel, 2007 ]. TIBOM - PAA TIBOM

31



1.2.

Figure 3- 2.

[ Anseth, Bowman, Peppas, 1996 ; Smedt,

Lauwers et al, 1995]. PAA
Ta- PAA , TIBOM - PAA
PAA
Ta- PAA TIBOM - PAA
. Ta- PAA
3.4 GPa, 2.9 Gpa, 2.6 GPa PAA 8
Ta
Ta

[Morimune et al.,, 2011] . TIBOM - PAA
30:1, 50:1, 70:1 2.2 GPa, 1.4 GPa, 1.2 GPa
TI BOM Ta

32



[ Anseth, Brannon - Peppas et al, 1995 ].
1.3.
Ta- PAA TIBOM - PAA,
PAA
Figure 3- 3. . PAA
Ta
(gradient)
. Ta- PAA Ta
Ta
TIBOM - PAA TIBOM PAA
TIBOM
PAA Ta- PAA

33

TIBOM - PAA
Ta- PAA
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1.4

2-2-1 TIBOM
Figure 3- 5.
5.7 ppm 6.0 ppm TIBOM vinyl
, 7.7 ppm 8.3 ppm aromatic ring , 4.5 ppm
methylene group (peak)
TIBA HEMA
[ Lakshmi, Jayakrishnan et al, 2002]
TIBOM - PAA
Figure 3- 6. : PAA TIBOM - PAA
TIBOM - PAA
1521 cm'' 1544 cm? :
aromatic ring : aromatic ring PAA
TIBOM PAA - TIBOM
TIBOM - PAA iodine
X
TIBOM iodine 54 wt%
iodine 52 wt%
AA TIBOM

34



100 PAA
S TIBOM - PAA

s N et Ta- PAA
& snl
e
K
a
= 40}

20 |

0

100 200 300 400 a00

Temperature (°C)

Figure 3 - 1. TGA curves of P AA hydrogel (straightline), Ta- PAA
hydrogel (dashed line), and T  IBOM- PAA hydrogel (dotted line)
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10

G' [GPa]

0.1

O v *» D> o O A& o

Ta-PAA 30:1
Ta-PAA 50:1
Ta-PAA 70:1
TIBOM-PAA 30:1
TIBOM-PAA 50:1
TIBOM-PAA 70:1
PAA hydrogel 30:1
PAA hydrogel 50:1
PAA hydrogel 70:1
1

0.01 :

(o)}
o

Frequency [HZz]

Figure 3 - 2. DMA graph of Ta- PAA 30:1, 50:1,
PAA 30:1, 50:1, 70:1 coil in dry state
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